Activity-dependent synaptic plasticity is widely accepted to be the cellular correlate of learning and memory. It is believed that associativity between different synaptic inputs can transform short-lasting forms of synaptic plasticity (<3 h) to long-lasting ones. Synaptic tagging and capture (STC) might be able to explain this heterosynaptic support, because it distinguishes between local mechanisms of synaptic tags and cell-wide mechanisms responsible for the synthesis of plasticity-related proteins (PRPs). STC initiate storage processes only when the strength of the synaptic tag and the local concentration of essential proteins are above a certain plasticity threshold. We present evidence that priming stimulation through the activation of metabotropic glutamate receptors substantially increases the "range of threshold" for functional plasticity by producing protein kinase Mζ (PKMζ) as a PRP through local protein synthesis. In addition, our results implicate BDNF as a PRP which is mandatory for establishing cross-capture between synaptic strengthening and weakening, whereas the newly generated PKMζ specifically establishes synaptic tagging of long-term potentiation. Most intriguingly, we show here that STC are confined to specific dendritic compartments and that these compartments contain "synaptic clusters" with different plasticity thresholds. Our results suggest that within a dendritic compartment itself a homeostatic process exists to adjust plasticity thresholds. The range in which these clusters operate can be altered by processes of metaplasticity, which will operate on the cluster independently of other clusters at the same dendrite. These clusters will then prepare the synaptic network to form long-term memories.
Activity-dependent synaptic plasticity is widely accepted to be the cellular correlate of learning and memory. It is believed that associativity between different synaptic inputs can transform short-lasting forms of synaptic plasticity (<3 h) to long-lasting ones. Synaptic tagging and capture (STC) might be able to explain this heterosynaptic support, because it distinguishes between local mechanisms of synaptic tags and cell-wide mechanisms responsible for the synthesis of plasticity-related proteins (PRPs). STC initiate storage processes only when the strength of the synaptic tag and the local concentration of essential proteins are above a certain plasticity threshold. We present evidence that priming stimulation through the activation of metabotropic glutamate receptors substantially increases the "range of threshold" for functional plasticity by producing protein kinase Mζ (PKMζ) as a PRP through local protein synthesis. In addition, our results implicate BDNF as a PRP which is mandatory for establishing cross-capture between synaptic strengthening and weakening, whereas the newly generated PKMζ specifically establishes synaptic tagging of long-term potentiation. Most intriguingly, we show here that STC are confined to specific dendritic compartments and that these compartments contain "synaptic clusters" with different plasticity thresholds. Our results suggest that within a dendritic compartment itself a homeostatic process exists to adjust plasticity thresholds. The range in which these clusters operate can be altered by processes of metaplasticity, which will operate on the cluster independently of other clusters at the same dendrite. These clusters will then prepare the synaptic network to form long-term memories.
T he flow of information through a specific neuronal circuit can be changed due to changes in synaptic connectivity. These changes can be long-lasting and can lead to changes in the strength of synapses, and these alterations result in the coding of memory traces in neuronal networks (1) . Long-term potentiation (LTP) and long-term depression (LTD) are such kinds of activitydependent processes, and they require input specificity and associativity (2) (3) (4) . Time-dependent associative interactions might finally lead to the conversion of transient plasticity forms to longlasting ones. Synaptic tagging and capture (STC) are processes for the associative interaction between two sets of synapses within the same neuronal network (5) . A synaptic "tag" or "mark" initiated due to a transient event could sequester plasticity-related proteins (PRPs) from a nearby strong event, thus resulting in the consolidation of synaptic potentiation in an input-specific manner (5) . Overall, prior activity can alter the capacity of a synapse to undergo plastic changes in the future, a phenomenon called "metaplasticity" (6) . In this context, it is noteworthy that activation of metabotropic glutamate receptors (mGluRs) or ryanodine receptors (RYRs) have subsequent and persistent effects on future functional plasticity (7, 8) . One important aspect of the mGluR contribution to LTP is that it can act as a "molecular switch" for regulating the induction of LTP (9) . Previous studies revealed that "priming" activation of group I mGluRs or RYRs can transform a weak, decaying form of LTP into a more persistent one (8, 10, 11) . In particular, the synthesis of necessary proteins in close proximity to sites of mGluR activation might create a pool of PRPs being kept in reserve for enhancing the persistence of further functional plasticity (7) .
The pool of PRPs includes plasticity-specific and -nonspecific proteins (12, 13) . Recently, a constitutively active PKC isoform, protein kinase Mζ (PKMζ), and brain-derived neurotrophic factor (BDNF) were identified as key and specific PRPs for maintaining late LTP (L-LTP) and for STC during LTP (14, 15) . It is noteworthy that in some forms of LTP, BDNF can maintain LTP without involvement in its associative processes (16) mainly due to the local synthesis of BDNF, whereas a strong tetanization that enhances the expression of BDNF in the soma of CA1 pyramidal neurons acts as a PRP (17) . In addition, recent evidence suggests that STC processes are confined to distinct dendritic compartments (13, 18) . Thus, protein synthesis that is stimulated in basal dendrites does not promote LTP or LTD persistence in the apical dendrites of CA1 pyramidal cells (13, 18) .
Results

DHPG-Primed LTP and Its Sensitivity Toward the Inhibition of BDNF
and PKMζ. Using two-pathway experiments (Fig. S1A ), we were able to show that a 5-Hz theta burst stimulation (TBS) protocol can reliably induce late LTP (L-LTP) up to 6 h (Fig. S1B) . Earlier it was reported that this local form of LTP is sensitive to the inhibition of local protein synthesis and BDNF inhibition (16) . We confirmed that TBS-LTP is maintained by BDNF (Fig. S1C) . Interestingly, this form of LTP is not maintained by PKMζ, because PKMζ inhibition had no effect on its maintenance (Fig. S1D) . Generally, TBS-L-LTP is maintained by the posttranslational modification of existing proteins or through local synthesis. One such way for the enhancement of local protein synthesis is through the priming stimulation or activation of group I mGluRs before the induction of LTP within a specific time frame (7) . In the first set of experiments presented here, a stable baseline of 30 min was recorded, after which a group I mGluR agonist [(R,S)-3, 5-dihydroxyphenylglycine; DHPG; 20 μM] was bath-applied for 15 min (Fig. 1A) . TBS-LTP was induced in synaptic input S1 15 min after washout of DHPG (thus, a total of a 60-min baseline). DHPG-primed TBS-LTP showed increased potentiation (Fig.  1A) starting from 75 min onward compared with control TBS-LTP (Fig. 1A ) (U test, P = 0.02, P = 0.02). In contrast to earlier findings (7, 10), we could not observe a transient depression during the bath application period of DHPG. This is most likely due to the fact that different experimental procedures were used for our studies (for a detailed discussion, see ref. 19 ). If we use a similar experimental procedure as in refs. 7 and 10, we could observe a transient depression during a DHPG bath application period (Fig. S2) .
If priming stimulation by DHPG enhances protein synthesis, then it should be prevented by applying a general protein synthesis inhibitor such as anisomycin. Indeed, coapplication of anisomycin (25 μM) along with DHPG prevented the extra facilitation of LTP in primed TBS-LTP (Fig. 1B) . In addition to its protein synthesis inhibition effect, anisomycin is a strong activator of the p38 and JNK MAPK pathway (20) . To ensure specificity, we confirmed these results with two other protein synthesis inhibitors, emetine (20 μM) (Fig. 1C) and the mammalian target of rapamycin (mTOR) inhibitor rapamycin (1 μM) (Fig. 1D) ; both prevented the additional potentiation observed after DHPG application in primed TBS-LTP. Taken together, these experiments support the notion that new proteins are synthesized during DHPG priming and are mandatory to ensure an enhanced potentiation of TBS-LTP after 60 min. A comparison of the effects of different protein synthesis inhibitors on primed TBS-LTP is shown in Fig. 1E .
Next, we probed which proteins are activated during DHPGpriming stimulation. We first tested whether PKMζ might be involved as an important regulator of L-LTP (14) . Myristoylated ζ inhibitory peptide, myr-ZIP (1 μM), was first applied for 45 min before coapplying with DHPG for another 15 min. myr-ZIP was bath-applied before DHPG application because the inhibitory peptide requires some time to incorporate into the cell to sufficiently block the signaling of PKMζ (14) . Indeed, the enhancement of potentiation observed in primed TBS-LTP was abolished by myr-ZIP ( Fig. 2A) (statistically significant potentiation in S1 up to 6 h after the induction of TBS-LTP; U test, P = 0.02). Control experiments using a scrambled version of ZIP (scr-ZIP; 1 μM) showed normal primed TBS-LTP with enhanced potentiation (Fig.  2B) . In addition to these pharmacological experiments, Western blot analysis also confirmed our assumption that PKMζ is the priming-induced PRP (Fig. 2C) . A comparison of primed TBS-LTP with myr-ZIP and scr-ZIP groups is shown in Fig. 2D .
Next, we further confirmed that PKMζ mediates enhanced potentiation during the maintenance phase of primed TBS-LTP. Bath application of myr-ZIP 60 min after the induction of primed TBS-LTP prevented enhanced potentiation without affecting the normal persistence of TBS-LTP (Fig. 2E) . Control experiments using scr-ZIP showed normal primed TBS-LTP (Fig. 2F) as that of Fig. 1A . Next, we investigated whether BDNF plays a role in DHPG-primed TBS-LTP. Thus, we applied recombinant human TrkB/FC chimera (TrkB/Fc; 1 μg/mL) 60 min after the induction of primed TBS-LTP until the end of the experiment (Fig. 2G) . TrkB/Fc scavenges BDNF away and therefore blocks TrkB activation. One could expect that blockade of BDNF by TrkB/Fc would prevent the extra potentiation of DHPG-primed TBS-LTP. However, surprisingly, BDNF blockade had no significant effect on LTP maintenance, still showing enhancement of potentiation ( Fig. 2G ) similar to that of primed TBS-LTP.
In primed TBS-LTP, PKMζ inhibition can prevent enhancement of potentiation and exerts immunity to BDNF inhibition. Thus, we tested the combined effect of PKMζ and BDNF inhibition, as shown in Fig. 2H . Coinhibition of PKMζ and BDNF prevented maintenance of DHPG-primed TBS-LTP. S1 showed statistically significant potentiation from 1 min (U test, P = 0.02, P = 0.02) up to 120 min (P = 0.04) or to 135 min (P = 0.04).
DHPG-Primed TBS-LTP and the Role of PKMζ and BDNF in STC.
Huang and Kandel (16) reported that TBS-LTP failed to express STC. We replicated these results (Fig. 3A) . TBS-LTP was induced in S1 and, 60 min later, weak tetanization (WTET) was applied in S2 for inducing early LTP (E-LTP). This procedure failed to transform E-LTP in S2 to L-LTP (Fig. 3A) . Potentials in S1 were statistically significant up to 360 min (P = 0.02) but in S2 up to 180 min (P = 0.04).
We next probed whether primed TBS-LTP can take part in STC processes, because DHPG priming results in the generation of new PKMζ. The same experimental design as that of Fig. 3A was used (with the exception of priming with DHPG). Surprisingly, E-LTP induced in S2 was transformed to L-LTP showing STC (Fig. 3B ). Both inputs, S1 and S2, showed a significant potentiation during the entire recording period (P = 0.02). To exclude the possibility that priming by DHPG may directly transform E-LTP to L-LTP in S2, we performed an experiment similar to that of Fig. 3B but with the exception that no TBS-LTP was induced (Fig. S3 ). This clearly proves that DHPG-priming stimulation 60 min before the induction of E-LTP in S2 has no significant effect.
To study which proteins are specifically captured at the tagged synapses, we tested the effect of BDNF inhibition during the maintenance phase of STC. Therefore, 90 min after the induction of DHPG-primed TBS-LTP, TrkB/Fc (1 μg/mL) was bath-applied until the end of the experiment. BDNF inhibition had a significant effect neither on the persistence of LTP in S1 nor on the capture process in S2 (Fig. 3C) .
Therefore, BDNF is not the plasticity protein in capture processes. We therefore tested whether PKMζ can act as a PRP in S2. As shown in Fig. 3D , bath application of myr-ZIP 30 min after the induction of E-LTP in S2 specifically prevented the capture process without affecting the maintenance of L-LTP in S1. Significant potentiation in S2 was seen only up to 280 min (P = 0.02). Mechanistically, it would be conceivable that BDNF and PKMζ act in concert, so it was important to test whether coinhibition of BDNF and PKMζ during STC inhibits L-LTP. As shown in Fig. 3E , inhibition of both proteins prevents not only the persis- tence of LTP in S1 but also the capture process in S2. In S1, potentiation lasted up to 295 min (P = 0.03), whereas in S2 it lasted up to 115 min (P = 0.04).
As a control, we tested whether STC were intact when scr-ZIP and TrkB/Fc were coapplied (Fig. 3F) . These experiments indicate that DHPG priming results in the production of PKMζ as a plasticity protein which provides immunity toward the inhibition of BDNF in primed TBS-LTP and its associative processes.
Role of BDNF and PKMζ in Cross-Tagging. Next, we used a crosstagging paradigm (12, 14) to investigate whether cross-capture occurs in TBS-LTP. Thus, we asked whether a tag set due to the induction of a transient form of E-LTD in one synaptic input could benefit from the BDNF produced due to the induction of TBS-LTP in another synaptic input. If cross-capture exists, then E-LTD could be transformed to L-LTD. To test this possibility, we first induced TBS-LTP in S1; 60 min later, weak low-frequency stimulation (WLFS) was applied to S2 for inducing E-LTD (Fig.  4A) . We have shown earlier that WLFS induces E-LTD in hippocampal slices (21) . Surprisingly, the E-LTD in synaptic input S2 was transformed to L-LTD lasting 6 h (P = 0.02). This indicates that TBS-LTP is capable of providing PRPs for cross-tagging but is incapable of providing PRPs for associative processes of LTP (Fig. 3A) .
If TBS-LTP is maintained by BDNF, does BDNF function as a PRP in cross-tagging? To address this, we used the same experimental design as in Fig. 4A and in addition TrkB/Fc was bath-applied 90 min after the induction of TBS-LTP in S1. Interestingly, there was no transformation of E-LTD to L-LTD in S2 (Fig. 4B) , thus it not only prevents cross-capture but also the normal maintenance of TBS-LTP [significant potentiation was observed up to 180 min in S1 (P = 0.03), whereas a statistically significant depression up to 145 min in S2 was observed (P = 0.03)]. In the next set, we applied the PKMζ inhibitor myr-ZIP to probe whether PKMζ plays any role in processes of cross-tagging. In the presence of myr-ZIP, E-LTD in S2 was also transformed to L-LTD, showing cross-tagging (Fig. 4C) . In short, BDNF, generated due to the induction of TBS-LTP, not only acts as a PRP for the persistence of TBS-LTP but also for the capture process of LTD in cross-tagging. Thus, cross-tagging initiated by TBS-LTP is a PKMζ-independent process.
Signaling Function of BDNF and PKMζ in Maintaining Compartmentalization or Clustering of STC. We developed a trisynaptic model of independent inputs (S1-S3; Fig. 5A and Fig. S4A ) to study the differential role of plasticity proteins in the associative processes of LTP and LTD within the apical dendritic compartment. In the first set of experiments, we tested whether induction of TBS-LTP can affect the other synaptic inputs (S2 and S3). We noticed a persistent increase in synaptic potentials up to 6 h in S1, whereas the baseline potentials in S2 and S3 were stable (Fig. S4B) .
However, how can the induction of TBS-LTP in one synaptic input affect STC and cross-tagging differentially in the same compartment or clusters? To study this, we induced TBS-LTP in S1, 30 min later E-LTP in S2, followed by E-LTD in S3 (Fig. 5B) . Here, in the same compartment of apical dendrites, STC were not observed but the cross-tagging within the same compartment was intact [field excitatory post synaptic potentials (fEPSPs) in S1 and S3 showed significant potentiation and depression, respectively, after its induction in S1 (P = 0.02) and S3 (P = 0.01)]. These results are in line with the findings described in Figs. 3 and 4 . We next probed whether priming stimulation by DHPG enables weak synapses to express functional plasticity. To check this, we used the same experimental design as in Fig. 5B but with the exception that TBS-LTP was primed with DHPG. Surprisingly, we could observe STC in LTP and cross-tagging in same compartment (Fig. 5C ). In further experiments (Fig. 5 D-F) , we investigated the differential effects of BDNF and PKMζ inhibition on tagging and cross-tagging within the same apical compartment. As shown in Fig. 5D , inhibition of BDNF by TrkB/Fc specifically prevents the transformation of E-LTD to L-LTD in S3 (after 90 min, P = 0.06) without affecting the maintenance and capture process in S1 and S2. When myr-ZIP was applied instead of TrkB/Fc, it abolished the capture processes of LTP in S2 without affecting the maintenance of TBS-LTP in S1 and cross-capture in S3 (Fig. 5E ) (significant potentiation was observed in S2 up to 170 min, P = 0.02). Coinhibition of BDNF and PKMζ by TrkB/Fc and myr-ZIP prevents STC and cross-tagging (Fig. 5F ) (S1 showed significant potentiation up to 180 min, S2 up to 175 min, and significant depression up to 125 min in S3; S1, P = 0.02; S2, P = 0.04; S3, P = 0.04). Thus, even in the same compartment, func- tional plasticity is induced/maintained by different proteins such as BDNF and PKMζ. Different patterns of synaptic stimulation can induce distinct forms of LTP that may have different roles in memory storage (13, 16) . The form of L-LTP which we have studied is a local form of L-LTP similar to earlier reports (16, 22) , and this model allows us to investigate synapse-specific L-LTP to be achieved by a modest stimulation that does not involve the nucleus. Transcriptionindependent and translation-dependent L-LTP avoids the repertoire of the involvement of the nucleus, thus creating a scenario for investigating a compartment-restricted study of STC and allowing us to investigate different molecular players that act on local (dendritic) states (13, 18, 23) . LTP induced by TBS was not accessible to STC. This could be due to the lack of different PRPs available at the synapses. One of the determinate factors for the establishment of STC is the availability of PKMζ (14) . The local form of LTP in our study is exclusively maintained by BDNF, which might be synthesized locally and used for its own maintenance in a dendritic compartment, and thus is not available for sharing with other synapses in capture processes. Surprisingly, LTP induced by a TBS was accessible to cross-capture, a positive associative interaction of LTP and LTD (12, 14) . This indicates that a local form of LTP can initiate cross-tagging, and that the tag set during the induction of early LTD uses BDNF as a PRP for its maintenance. Thus, BDNF is an important PRP required for the maintenance of LTD in cross-tagging. It has been reported earlier that PKMζ is necessary and sufficient for maintaining LTP and to mediate capture processes (14, 24) . In contrast to this, our results indicate that some forms of LTP and its associative interactions can be established exclusively by BDNF, for instance cross-capture.
Lowering the Threshold for Memory Storage. Prior activity, without inducing a direct change in synaptic efficacy, can alter the capacity of a synapse to undergo plastic changes in the future. It has been reported earlier that priming stimulation mediated by mGluR activation lowers the threshold for inducing LTP (7). The priming-mediated decrease in the threshold for inducing LTP might be achieved by different signaling cascades (25) . In addition, mGluR activation results in the synaptodendritic synthesis of PRPs through mTOR, which facilitates the translation of terminal oligopyrimidine mRNAs (26) . Rapamycin-sensitive pathways are also involved in increased PKMζ synthesis (27, 28) . Indeed, we show here that inhibition of DHPG priming by rapamycin prevents the enhancement of primed TBS-LTP. During priming, the . The broken arrow represents the time point at which WLFS was applied to the representative synaptic input to E-LTD. Symbols/traces are as in Fig. 3 .
new synthesis of PRPs is mediated by the stimulation of phospholipase C and the subsequent release of Ca 2+ from intracellular stores through RYR (29) . We have recently reported that RYR activation creates new synaptic tags and lowers the threshold for subsequent STC (8) . The enhanced potentiation observed in primed TBS-LTP after 60 min onward may likely be due to de novo synthesis of PKMζ due to the increased translation of preexisting PKMζ mRNA (27) . Notably, capture of PKMζ from the primed L-LTP to E-LTP was prevented when PKMζ was inhibited without affecting the maintenance of L-LTP, which is generally maintained by BDNF during the inhibition of PKMζ. Thus, these results support the earlier findings that PKMζ acts as an LTP-specific PRP (14) and are in line with recent findings that PKMζ promotes synaptic strengthening by releasing α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors (AMPARs) from an extrasynaptic pool and enhancing N-ethylmaleimidesensitive factor/glutamate receptor-2 (NSF/GluR2)-mediated trafficking (30) . Most intriguingly, BDNF and PKMζ also compensate for each other. This is apparent in primed TBS-LTP, where the newly generated PKMζ can take over the role of BDNF of maintaining TBS-LTP during the inhibition of BDNF. And, vice versa, during PKMζ inhibition, BDNF can take over the signaling role of PKMζ of maintaining potentiation. Our findings reveal that even if some forms of long-lasting synaptic strengthening can be exclusively maintained by BDNF, the associative properties can be established only through PKMζ. This is supported by an earlier report from Barco et al. (15) , who reported that BDNF acts as an important PRP in STC. Here the authors showed that deletion of the BDNF gene in the CA3/CA1 region of the mouse hippocampus or deletion of this gene in postsynaptic CA1 neurons specifically impairs capture processes. However, it should be emphasized that the stimuli they used to induce LTP, namely fourfold TET, was shown to be dependent on transcription (18) , most likely also of the BDNF gene. The local form of LTP induced by TBS in our study might have synthesized BDNF (via local translation) only as a PRP for its maintenance but not for its associative processes. A neuronal compartment or cluster shows cross-tagging but no STC. Data depict the induction of TBS-LTP in S1 (filled red circles); 30 min later, E-LTP in S2 (filled blue circles) and in S3 an E-LTD (filled green circles). Here the E-LTD in S3 was transformed to L-LTD showing cross-tagging, whereas S2 failed to express L-LTP (n = 7). (C) Priming stimulation by DHPG before the induction of TBS-LTP promotes STC and cross-tagging inside the same neuronal compartment. DHPG priming followed by the induction of TBS-LTP in S1 (red filled circles) shows enhanced potentiation and L-LTP up to 6 h. Induction of E-LTP in S2 (filled blue circles) 30 min after the tetanization in S1. Shown is also the conversion of E-LTD to L-LTD in S3 (filled green circles) (n = 7). (D) Specific inhibition of BDNF prevents cross-tagging but not STC in LTP. The experimental design was the same as that of C but 30 min after the induction of E-LTD in S3, TrkB/ Fc was bath-applied. Here although the STC between S1 (filled red circles) and S2 (filled blue circles) remains unaffected, E-LTD in S3 (filled green circles) is not transformed to L-LTD (n = 7). (E) Specific inhibition of PKMζ 90 min after the induction of primed TBS-LTP prevents STC in LTP (S1 and S2, filled red and blue circles) but does not affect cross-tagging (S3, filled green circles) (n = 6). (F) Coinhibition of BDNF and PKMζ by TrkB/Fc and myr-ZIP 90 min after the induction of primed TBS-LTP prevents STC in S1 and S2 (filled red and blue circles) and cross-tagging in S3 (filled green circles) (n = 7). Symbols and traces are as in earlier figures. ment of dendritic translation that occurs in response to L-LTP-or L-LTD-inducing stimuli takes place only within the branch containing the stimulated synapses.
The clustered plasticity model is well-suited for the formation of memory engrams at single-spine levels, but how neuromodulatory inputs are involved in the formation of memory engrams at the single-spine level is largely unknown. The role of neuromodulatory inputs is critical for the synthesis of different PRPs required for STC (12) . To probe the predictions of this clustered plasticity model in terms of the necessary function of neuromodulators (12, 31) in a broader perspective, we studied STC during LTP and cross-tagging in apical neuronal compartments by using three independent synaptic inputs to a common set of synapses. The advantage of this type of experiment is to specifically delineate the role of different PRPs such as PKMζ and BDNF from a common pool and how it interacts with different synaptic tags. Our results reveal that the building blocks of these compartments are not just synapses of similar plasticity thresholds. We instead found that they consist of different "synaptic units" or synaptic clusters with different plasticity thresholds. The "synaptic clusters" in a dendritic compartment differentially express functional plasticity based on incoming stimuli. In addition, the plasticity thresholds for the synaptic clusters inside a compartment are modifiable, based on the previous history of the involved synapses. As an example, the priming stimulation by DHPG significantly enhanced the plasticity threshold of all synaptic units within the compartment, thus expressing STC during LTP and cross-capture. PKMζ and BDNF act as "potentiationspecific PRPs" and "potentiation/depression-specific PRPs," respectively, and these PRPs can be used by "potentiation tags" or "depression tags" (for the model, see Fig. 6 ). Thus, in contrast to predictions of the clustered plasticity model, under certain conditions synaptic capture is not efficient, even if the interacting synapses are located on the same dendritic branch. The efficiency of the expression of STC depends solely on the strength of incoming information and prior activity of the synapses. In line with the clustered plasticity model, we were able to confirm that the strength of the tag and the amounts of the different proteins available are variable; for instance, BDNF is specifically captured by LTD tags and PKMζ by LTP tags (Fig. 6 A and B) .
Outlook and Conclusion. A link between learning and metaplasticity thus far remains elusive (6) . We provide here one of the first links that metaplasticity processes before the establishment of functional plasticity substantially increase the capacity of synaptic units within a compartment for engaging in long-term functional plasticity. Our results suggest that within a dendritic compartment itself a plasticity threshold exists, and this permits the synaptic units or clusters to engage in plasticity within a range and that this "range" can be altered by the processes of metaplasticity.
Materials and Methods
Metaplasticity Governs Compartmentalization of STC. Hippocampal slices were prepared from male Wistar rats (6-7 wk old) according to standard protocols (for details, see refs. 13 and 19). All procedures were approved by guidelines from the Animal Committee on Ethics in the Care and Use of Laboratory Animals of TU Braunschweig. For details, see SI Materials and Methods.
Statistical Analysis. The average values of the slope function of the fEPSP (mV/ ms) per time point were analyzed using the Wilcoxon signed-rank test when compared within one group, or the Mann-Whitney U test (U test) when data were compared between groups (8, 13). The Wilcoxon signed-rank test was used if not otherwise indicated.
